Introduction {#sec1}
============

Epimerization of stereocenters are a common and generally undesirable process in organic synthesis.^[@ref1]−[@ref3]^ This phenomenon is especially relevant in the stereoselective preparation of amino acid derivatives, due to the presence of acidic α-carbonyl hydrogens in their scaffold.^[@ref4]−[@ref6]^ Several complex coupling agents for the racemization-free formation of amino acid amides and peptides have recently been developed^[@ref7]−[@ref10]^ ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}A--C).

![Previous Reports on Epimerization-Free Preparation of Amino Acid Amides](ao-2017-00523s_0004){#sch1}

This problem is particularly important in transformations involving azlactones (also known as oxazolones).^[@ref11]−[@ref16]^ These heterocycles are basically protected and cyclic amino acids bearing a very acidic hydrogen (p*K*~a~ ≈ 9) in their scaffolds,^[@ref17]^ which leads to fast racemization. Our research group has been extensively studying the reactivity of azlactones in various transformations^[@ref18]−[@ref24]^ including racemic amide formation through the azlactone ring-opening reaction,^[@ref25]^ and recently we have been interested in the development of an epimerization-free methodology to synthesize these cycles.

To the best of our knowledge, only one research group has described the racemization-free preparation of oxazolones.^[@ref26],[@ref27]^ It was shown that the presence of EDC, *N*-Boc, or *N*-Cbz-amino acids affords enantiomerically pure 2-alcoxy-azlactones. A few years later, Bagno's group reported the first crystal structures of 2-alcoxy-oxazolones from Fmoc and Cbz, however, without α-carbonyl hydrogens.^[@ref28]^ On the other hand, recent studies have described the racemization of azlactones from carbamates.^[@ref29],[@ref30]^

In this context, we herein present an efficient and epimerization-free method for the preparation of dual-protected amino acid derivatives employing the commercially available EDC as a coupling agent ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}D). We also provide new insights to explain the racemization-free nature of this transformation, showing that despite having the necessary scaffold for the cyclization, *N*-Boc protected amino acids do not form an azlactone when activated by EDC.

Results and Discussion {#sec2}
======================

In our attempt to prepare 2-alcoxy-oxazolone derivatives, *N*-Boc-amino acids were chosen as substrates. Initially, [l]{.smallcaps}-isoleucine, which contains 2 stereocenters, and therefore the epimerization of the α-carbonyl hydrogen would result in a pair of diastereomers, was chosen as an ideal substrate. This, in fact, would allow us to observe racemization from the crude reaction mixture ^1^H NMR analyses.

During the reaction of *N*-Boc-[l]{.smallcaps}-isoleucine with EDC, the formation of an unstable intermediate was observed by thin-layer chromatography (TLC). Due to this instability, the crude reaction mixture was washed with distilled cold water three times, and the dichloromethane immediately employed, without further purification, in a sequential reaction in the presence of pyrrolidine as nucleophile. To our delight, the desired product **2ae** was isolated in 38% yield and without apparent epimerization. After new attempts to increase the general yields, it was found that the use of 10 mol % of (±)-camphorsulfonic acid (CSA) as organocatalyst resulted in an increase to 73% yield.

Having established this catalytic system for the epimerization-free formation of the amino acid amide derivative, we proceeded to test the generality of these reaction conditions with a range of different Boc-amino acids and amines. Initially, primary aliphatic and aromatic amines were examined, providing products **2a--p** in yields ranging from 52 to 81% ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). Anilines also worked well, providing **2m** and **2n** in 73--76% yields. Even the use of ortho-substituted aniline was well tolerated, affording **2o** in 70% yield. The heteroaromatic 2-amino-3-picoline proved to be reactive under the developed reaction conditions, providing **2p** in a 52% isolated yield.

![Epimerization-Free Preparation of Amino Acid Amides Employing Primary Amines as Nucleophiles](ao-2017-00523s_0005){#sch2}

Next, we turned our attention toward the secondary amines as nucleophiles. Compounds **2q--ag** were isolated in yields ranging from 61 to 86% ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}), with no need of purification by the chromatographic column. Different Boc-amino acids could also be employed, with no significant influence on the reaction yield.

![Epimerization-Free Preparation of Amino Acid Amides Employing Secondary Amines as Nucleophiles^,^\
Compounds **2s** and **2y** are, respectively, the racemic mixtures of **2r** and **2x**.\
Reaction also carried out on a gram scale.](ao-2017-00523s_0006){#sch3}

It is worth mentioning that no epimerization was observed by NMR for any of [l]{.smallcaps}-isoleucine derivatives. The relative and absolute stereochemistry of the compound **2m** was determined by the X-ray crystallographic structure ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}A), with maintenance of the original (2*S*,3*S*)-isoleucine stereocenters. Compound **2x** and its racemic mixture **2y**, prepared using [d]{.smallcaps},[l]{.smallcaps}-alanine were also evaluated by chiral high-performance liquid chromatography (HPLC) ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}B), providing another insight into the epimerization-free nature of this transformation.

![A) X-ray crystallographic structure of **2m** (anisotropic displacement ellipsoids are drawn at the 50% probability level) (B) Chiral HPLC of **2x** and its racemic mixture, **2y**.](ao-2017-00523s_0001){#fig1}

We also decided to investigate the racemization process during Boc deprotection. Employing classical reaction conditions,^[@ref31]^ products **2ac** and **2q** in the presence of TFA afforded the desired salts **2ag** and **2ah** in 86 and 84% yield ([Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}).

![Epimerization-Free Boc Deprotection of Compounds **2q** and **2ac**](ao-2017-00523s_0007){#sch4}

We then turned our attention toward the understanding of the basics of this reaction by investigating the plausible key intermediate. To this end, two experiments were carried out in triplicate employing Boc-[l]{.smallcaps}-isoleucine and EDC. First, a crude reaction mixture was transferred to the gas phase by electrospray ionization (ESI), followed by (tandem) mass spectrometry (MS) characterization ESI(+)-MS/MS. The other experiment consisted of analyzing the same sample after the dichloromethane was washed with distilled water (for the removal of EDC and its urea) and dried under reduced pressure. Surprisingly, both samples showed no sign of an azlactone intermediate; however, an ion of *m*/*z* 387.2971 was found in both experiments and was extremely abundant in the purified sample (see [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.7b00523/suppl_file/ao7b00523_si_001.pdf)).

This key species of *m*/*z* 387 corresponds to intermediate **1** ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}), the Boc-[l]{.smallcaps}-isoleucine activated by EDC. We propose that due to a torsional problem, different from Fmoc or Cbz-amino acids with previously reported X-ray crystallographic structures,^[@ref28]^ the *tert*-butoxy group prevents the intramolecular cyclization and azlactone formation. Moreover, because the p*K*~a~ of an α-carbonyl hydrogen of an azlactone^[@ref32],[@ref33]^ is considerably lower than that of an acyclic amino acid,^[@ref34]^ this helps to explain the epimerization-free nature of this reaction.

![ESI(+)-MS of crude reaction between Boc-[l]{.smallcaps}-isoleucine and EDC.](ao-2017-00523s_0002){#fig2}

Finally, the organocatalytic mechanism was investigated by ESI(+)-MS/MS. For this purpose, the previous crude reaction sample bearing ion *m*/*z* 387 was added to 10 mol % of the CSA catalyst and immediately injected into the mass spectrometer. Two ions of *m*/*z* 641.3555 and of *m*/*z* 657.3298 corresponding to the association of the intermediate 1 and the catalyst, that is, \[M + Na\]^+^ and \[M + K\]^+^ were intercepted ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}A). The collision-induced dissociation of *m*/*z* 641 shows fragment ions of *m*/*z* 387 and 409 ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}B), corresponding to the intermediate **1** \[M + H\]^+^ and \[M + Na\]^+^, due to the neutral loss of CSA. Therefore, as previously reported for other Brønsted acid catalysts,^[@ref35]^ the mechanism seems to proceed through an ion-pairing intermediate that is then followed by amine nucleophilic attack.

![(A) ESI(+)-MS of intermediate **1** in the presence of CSA as catalyst (expansion of the ion of *m*/*z* 641); (B) ESI(+)-MS/MS (15 eV) of the ion of *m*/*z* 641.](ao-2017-00523s_0003){#fig3}

Conclusions {#sec3}
===========

In summary, general conditions have been reported for the organocatalytic and epimerization-free preparation of dual-protected amino acid derivatives under mild reaction conditions. A broad substrate scope has been presented, allowing changes in the amino acid and the amine nucleophile, proving the generality of this protocol. Boc deprotection was also carried out in excellent yields and without racemization. ESI(+)-MS/MS experiments revealed an acyclic intermediate, unlike azlactone formation. Finally, the organocatalytic mechanism investigation revealed intermediate activation by the catalyst CSA to form an ion-pairing intermediate, that is then followed by nucleophilic attack.

Experimental Section {#sec4}
====================

General Methods {#sec4.1}
---------------

All purchased chemicals were used as received without further purification. Solvents were dried according to standard procedures. Analytical TLC was performed on TLC plates (silica gel 60 F254) and visualized employing a ninhydrin (2,2-dihydroxyindane-1,3-dione) indicator. The chemical shifts are reported in ppm relative to the solvent residual peak. The ^1^H NMR spectra were recorded at 500 MHz, ^13^C NMR spectra were recorded at 125 MHz. Chemical shifts are reported in ppm using the following peak pattern abbreviations: br, broad; s, singlet; d, doublet; t, triplet; q, quartet; pent, pentet; sext, sextet; m, multiplet. High-resolution mass spectra, as well as mechanism investigation were investigated in the positive ion mode using a time-of-flight (TOF) mass spectrometer equipped with an ESI source or a matrix-assisted laser desorption (MALDI)/TOF spectrometer using a pulsed nitrogen laser at 337 nm. Single-crystal data for compound **2m** were collected with a diffractometer with Mo Kα (λ = 0.71073 Å) radiation at room temperature (298 K). The data collection, cell refinements, and data reduction were performed using the CRYSALISPRO software.^[@ref35]^ To elucidate the structure, an empirical absorption correction using the faces' crystal model was employed. The structures were resolved by direct methods and refined by full-matrix least square refinement on F2 using the SHELXL-2014 program package, and all nonhydrogen atoms were refined with anisotropic thermal parameters. H atoms connected to carbon were placed in idealized positions and treated by the rigid model, with Uiso(H) = 1.2 Ueq(C) for the aromatic ring and Uiso(H) = 1.5 Ueq(C) for methyl groups. CCDC 1539443 has the supplementary crystallographic data for this work, and it can be obtained free of charge from the Cambridge Crystallographic Data Centre at <http://www.ccdc.cam.ac.uk/conts/retrieving.html>. The figures were drawn using ORTEP-3 for Windows and Mercury programs. Enantiodiscriminating HPLC was performed using a 4.6 × 25 cm^2^ Chiralpak IA column (isocratic elution using hexane/isopropanol 88:12; flow 0.5 mL/min). Melting points and optical rotations were recorded, respectively, on a melting point apparatus and a polarimeter.

General Method: Organocatalyzed Preparation of Amino Acids Amides {#sec4.2}
-----------------------------------------------------------------

In a round-bottom flask, *N*-Boc-amino acid (i.e., [l]{.smallcaps}-alanine, [l]{.smallcaps}-phenylalanine, [l]{.smallcaps}-valine, [l]{.smallcaps}-leucine, or [l]{.smallcaps}-isoleucine) (1.0 mmol) and EDC·HCl (211 mg, 1.1 mmol) were dissolved in dichloromethane (15.0 mL), and the reaction was stirred at 0 °C for 30 min. The crude reaction was washed with distilled water three times, and the dichloromethane immediately employed, without further purification. This solution was then transferred to a round-bottom flask containing the amine nucleophile (2.0 mmol) and the (±)-camphorsulfonic acid (23 mg, 10 mol %). After 24 h, the reaction was concentrated in vacuo, and for [l]{.smallcaps}-isoleucine derivatives, an aliquot was taken to the NMR spectrometer for analysis of the epimerization by ^1^H NMR analysis. The desired products were then purified by recrystallization in hot EtOH/water, liquid--liquid extraction, or column chromatography.

General Method: Boc Deprotection of Amino Acids Amides {#sec4.3}
------------------------------------------------------

In a round-bottom flask, Boc-[l]{.smallcaps}-amino acid amide (1.0 mmol, 1.0 equiv) was dissolved in anhydrous CH~2~Cl~2~ (10 mL), and TFA (1 mL, 22.0 equiv) was added. After 3 h stirring at room temperature, the reaction was concentrated in vacuo, directly affording the unprotected product as a yellow/orange oil.

### *tert*-Butyl ((2*S*,3*S*)-1-(Hexylamino)-3-methyl-1-oxopentan-2-yl)carbamate (**2a**) {#sec4.3.1}

The product was prepared according to the general procedure and obtained after recrystallization in ethanol/water as a white solid (246 mg, 78%). Mp: 80, 4--81, 6 °C. \[α\]~D~^20^ = −14° (*c* = 1.0, CH~2~Cl~2~). Fourier transform infrared (FT-IR) (diamond) ν 3334, 3308, 2963, 2925, 2880, 2864, 1679, 1655, 1524, 1244, 1168 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 6.05 (br, 1H), 5.09 (br, 1H), 3.86 (dd, *J* = 8.85, 6.75 Hz, 1H), 3.30--3.17 (m, 2H), 1.85 (br, 1H), 1.50--1.47 (m, 2H), 1.43 (s, 9H), 1.29--1.24 (m, 7H), 1.14--1.05 (m, 1H), 0.91--0.86 (m, 9H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.6, 156.0, 79.9, 59.6, 39.6, 37.2, 31.6, 29.6, 28.5, 26.7, 24.9, 22.7, 15.7, 14.1, 11.5. High-resolution mass spectrometry (HRMS) (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~17~H~34~N~2~O~3~Na^+^ 337.2462, found 334.2473.

### *tert*-Butyl ((2*S*,3*S*)-3-Methyl-1-(octylamino)-1-oxopentan-2-yl)carbamate (**2b**) {#sec4.3.2}

The product was prepared according to the general procedure and obtained after recrystallization in ethanol/water as a white solid (229 mg, 67%). Mp: 79, 0--80, 3 °C. \[α\]~D~^20^ = −12° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3332, 2963, 2924, 2852, 1750, 1678, 1652, 1529, 1180 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 6.10 (br, 1H), 5.10 (d, *J* = 7.65 Hz, 1H), 3.86 (dd, *J* = 8.90, 6.80 Hz, 1H), 3.30--3.17 (m, 2H), 1.49--1.45 (m, 3H), 1.42 (s, 9H), 1.27--1.25 (m, 11H), 1.14--1.03 (m, 1H), 0.91--0.85 (m, 9H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.6, 156.0, 79.9, 59.6, 39.6, 37.3, 31.9, 29.7, 29.3, 29.2, 28.4, 27.0, 24.9, 22.8, 15.7, 14.2, 11.5. HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~19~H~39~N~2~O~3~^+^ 343.2955, found 343.2953.

### *tert*-Butyl ((2*S*,3*S*)-1-(Decylamino)-3-methyl-1-oxopentan-2-yl)carbamate (**2c**) {#sec4.3.3}

The product was prepared according to the general procedure and obtained after recrystallization in ethanol/water as a white solid (296 mg, 80%). Mp: 50, 8--51, 5 °C. \[α\]~D~^20^ = +8° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3329, 3306, 2960, 2917, 2850, 1680, 1651, 1524, 1246, 1170 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 6.04 (br, 1H), 5.09 (d, *J* = 6.70 Hz, 1H), 3.85 (dd, *J* = 8.85, 6.70 Hz, 1H), 3.30--3.16 (m, 2H), 1.85 (br, 1H), 1.49--1.46 (m, 2H), 1.43 (s, 9H), 1.27--1.24 (m, 15H), 1.12--1.03 (m, 1H), 0.91--0.85 (m, 9H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.6, 156.0, 79.9, 59.6, 42.1, 39.6, 37.3, 33.2, 32.0, 31.9, 29.7, 29.6, 29.4, 29.3, 28.5, 27.0, 24.9, 22.8, 15.7, 14.2, 11.5. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~21~H~42~N~2~O~3~Na^+^ 393.3088, found 393.3093.

### *tert*-Butyl ((2*S*,3*S*)-1-(Dodecylamino)-3-methyl-1-oxopentan-2-yl)carbamate (**3d**) {#sec4.3.4}

The product was prepared according to the general procedure and obtained after recrystallization in hexane as a white solid (302 mg, 77%). Mp: 65, 0--66, 5 °C. \[α\]~D~^20^ = −10° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3328, 3316, 2964, 2919, 2850, 1685, 1646, 1515, 1242, 1166 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 6.09 (br, 1H), 5.11 (d, *J* = 6.85 Hz, 1H), 3.88 (dd, *J* = 8.85, 6.75 Hz, 1H), 3.32--3.19 (m, 2H), 1.87 (br, 1H), 1.52--1.49 (m, 2H), 1.45 (s, 9H), 1.29--1.27 (m, 20H), 1.17--1.09 (m, 1H), 0.94--0.88 (m, 9H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.6, 156.0, 79.9, 59.6, 41.6, 39.6, 37.3, 32.0, 29.9, 29.8, 29.7, 29.6, 29.5, 29.4, 28.5, 27.0, 26.9, 24.9, 22.8, 15.7, 14.2, 11.5. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~23~H~46~N~2~O~3~Na^+^ 421.3406, found 421.3409.

### *tert*-Butyl ((2*S*,3*S*)-3-Methyl-1-oxo-(tetradecylamino)pentan-2-yl)carbamate (**2e**) {#sec4.3.5}

The product was prepared according to the general procedure and obtained after flash cromatography in dichloromethane/methanol as a white solid (330 mg, 77%). Mp: 63, 2--64, 1 °C. \[α\]~D~^20^ = −10° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3326, 3313, 2965, 2917, 2849, 1783, 1647, 1552, 1523, 1242, 1170, 1158 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 6.02 (br, 1H), 5.08 (br, 1H), 3.85 (dd, *J* = 8.85, 6.75 Hz, 1H), 3.30--3.17 (m, 3H), 1.49--1.47 (m, 3H), 1.43 (s, 9H), 1.29--1.24 (m, 23H), 1.14--1.07 (m, 1H), 0.91--0.86 (m, 9H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.7, 156.1, 80.1, 59.7, 39.7, 37.3, 32.1, 29.9, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 28.5, 27.1, 24.9, 22.9, 15.8, 14.3, 11.6. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~25~H~50~N~2~O~3~Na^+^ 449.3719, found 449.3717.

### *tert*-Butyl ((2*S*,3*S*)-1-((Aminopropyl)amino)-3-methyl-1-oxopentan-2-yl)carbamate (**2f**) {#sec4.3.6}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (231 mg, 67%). \[α\]~D~^20^ = −12° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3340, 2971, 2918, 2866, 1677, 1656, 1519, 1244, 1172 cm^--1^. ^1^H NMR (500 MHz, D~2~O) δ 3.82 (d, *J* = 6.80 Hz, 1H), 3.39--3.28 (m, 2H), 3.02 (t, *J* = 7.50 Hz, 2H), 1.92--1.89 (m, 3H), 1.81 (br, 1H), 1.44 (s, 9H), 1.22--1.17 (m, 1H), 0.93--0.87 (m, 6H). ^13^C NMR (125 MHz, D~2~O) δ 175.8, 158.4, 82.0, 60.6, 37.7, 36.7, 36.6, 28.2, 27.3, 25.1, 15.6, 11.0. HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~14~H~30~N~3~O~3~^+^ 288.2287, found 288.2290.

### *tert*-Butyl ((2*S*,3*S*)-1-((Aminopropyl)amino)-3-methyl-1-oxopentan-2-yl)carbamate (**2g**) {#sec4.3.7}

The product was prepared according to the general procedure and obtained after flash chromatography in dichloromethane/methanol as a white solid (367 mg, 78%). Mp: 107, 4--108, 3 °C. \[α\]~D~^20^ = −34° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3334, 2957, 2918, 2853, 2775, 1685, 1646, 1522, 1457, 1171 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 7.44 (br, 1H), 5.38 (d, *J* = 8.90 Hz, 1H), 4.00 (t, *J* = 7.70 Hz, 1H), 3.39--3.36 (m, 1H), 2.98--2.91 (m, 4H), 1.92--1.81 (m, 4H), 1.68 (pent, *J* = 6.90 Hz, 2H), 1.58--1.54 (m, 1H), 1.44 (s, 9H), 1.37--1.26 (m, 20H), 1.18--1.11 (m, 1H), 0.95--0.88 (m, 9H). ^13^C NMR (125 MHz, CDCl~3~) δ 172.3, 156.1, 79.7, 59.3, 48.2, 47.3, 38.3, 37.5, 31.9, 29.6, 29.5, 29.4, 29.3, 29.2, 28.4, 26.3, 26.1, 24.8, 23.4, 22.7, 15.6, 14.1, 11.4. HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~27~H~56~N~3~O~3~^+^ 470.4316, found 470.4332.

### *tert*-Butyl ((2*S*,3*S*)-1-(Benzylamino)-3-methyl-1-oxopentan-2-yl)carbamate (**2h**) {#sec4.3.8}

The product was prepared according to the general procedure and obtained after recrystallization with ethanol/water as a colorless crystal (224 mg, 70%). Mp: 122, 8--123, 7 °C. \[α\]~D~^20^ = +12° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3325, 3268, 3095, 2967, 2930, 1684, 1645, 1517, 1162 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 7.33--7.30 (m, 2H), 7.27--7.23 (m, 3H), 6.42 (br, 1H), 5.08 (br, 1H), 4.48--4.39 (m, 2H), 3.94 (dd, *J* = 8.75, 6.70 Hz, 1H), 1.91 (br, 1H), 1.53--1.51 (m, 1H), 1.41 (s, 9H), 1.15--1.06 (m, 1H), 0.94--0.88 (m, 6H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.9, 156.1, 138.2, 128.9, 127.9, 127.7, 80.2, 59.7, 53.6, 43.7, 37.2, 28.5, 24.9, 15.9, 11.6. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~18~H~28~N~2~O~3~Na^+^ 343.1992, found 343.1997.

### *tert*-Butyl (*S*)-(1-(Benzylamino)-1-oxopropan-2-yl)carbamate (**2i**) {#sec4.3.9}

The product was prepared according to the general procedure and obtained after recrystallization with ethanol/water as a white solid (200 mg, 72%). Mp: 90, 1--91, 0 °C. \[α\]~D~^20^ = +8° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3401, 3001, 2920, 2847, 1691, 1648, 1511, 1176 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 7.33--7.30 (m, 2H), 7.27--7.23 (m, 3H), 6.42 (br, 1H), 5.08 (br, 1H), 4.48--4.39 (m, 2H), 3.94 (dd, *J* = 8.75, 6.70 Hz, 1H), 1.91 (br, 1H), 1.53--1.51 (m, 1H), 1.41 (s, 9H), 1.15--1.06 (m, 1H), 0.94--0.88 (m, 6H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.9, 156.1, 138.2, 128.9, 127.9, 127.7, 80.2, 59.7, 53.6, 43.7, 37.2, 28.5, 24.9, 15.9, 11.6. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~15~H~23~N~2~O~3~^+^ 279.1703, found 279.1678.

### *tert*-Butyl (*S*)-(1-(Benzylamino)-1-oxo-3-phenylpropan-2-yl)carbamate (**2j**) {#sec4.3.10}

The product was prepared according to the general procedure and obtained after recrystallization with ethanol/water as a white solid (388 mg, 73%). Mp: 126, 7--127, 6 °C. \[α\]~D~^20^ = +12° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3340, 3038, 2972, 2922, 1692, 1662, 1526, 1175 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 7.29--7.22 (m, 2H), 7.18 (d, *J* = 6.85 Hz, 2H), 7.09 (d, *J* = 5.45 Hz, 2H), 6.15 (br, 1H), 5.09 (br, 1H), 4.34 (d, *J* = 5.55 Hz, 3H), 3.12--3.03 (m, 2H), 1.39 (s, 9H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.3, 155.6, 137.9, 136.9, 129.6, 128.9, 128.8, 127.9, 127.7, 127.1, 80.4, 56.3, 43.7, 38.8, 28.4. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~21~H~27~N~2~O~3~^+^ 355.2016, found 355.1989.

### *tert*-Butyl (*S*)-(1-(Benzylamino)-4-methyl-1-oxopentan-2-yl)carbamate (**2k**) {#sec4.3.11}

The product was prepared according to the general procedure and obtained after recrystallization with ethanol/water as a white solid (379 mg, 79%). Mp: 76, 5--77, 3 °C. \[α\]~D~^20^ = +8° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3428, 3302, 3098, 3058, 2960, 2930, 2867, 1692, 1662, 1527, 1173 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 7.28--7.25 (m, 2H), 7.21--7.19 (m, 3H), 7.13 (br, 1H), 5.29 (d, *J* = 7.30 Hz, 1H), 4.41--4.37 (m, 1H), 4.32--4.28 (m, 3H), 4.20 (m, 1H), 1.66--1.60 (m, 2H), 1.53--1.47 (m, 1H), 1.37 (s, 9H), 0.91--0.88 (m, 6H). ^13^C NMR (125 MHz, CDCl~3~) δ 173.0, 156.0, 138.4, 128.7, 127.6, 127.4, 79.9, 53.2, 43.4, 41.4, 28.4, 24.8, 23.0, 22.1. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~29~N~2~O~3~^+^ 321.2173, found 321.2142.

### *tert*-Butyl (*S*)-(1-(Benzylamino)-3-methyl-1-oxobutan-2-yl)carbamate (**2l**) {#sec4.3.12}

The product was prepared according to the general procedure and obtained after recrystallization with ethanol/water as a white solid (372 mg, 81%). Mp: 110, 5--111, 3 °C. \[α\]~D~^20^ = −8° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3319, 3075, 2968, 2931, 1690, 1649, 1528, 1168 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 7.30--7.25 (m, 2H), 7.23--7.20 (m, 3H), 6.94 (br, 1H), 5.32 (d, *J* = 8.65 Hz, 1H), 4.45--4.41 (m, 1H), 4.34--4.30 (m, 1H), 3.97 (t, *J* = 7.75 Hz, 1H), 2.10--2.05 (m, 1H), 1.38 (s, 9H), 0.93 (d, *J* = 6.70 Hz, 3H), 0.89 (d, *J* = 6.70 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 172.0, 156.2, 138.2, 128.7, 127.7, 127.6, 127.5, 79.9, 60.2, 43.4, 31.0, 28.5, 19.5, 18.2. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~17~H~27~N~2~O~3~^+^ 307.2016, found 307.1990.

### *tert*-Butyl ((2*S*,3*S*)-3-Methyl-1-oxo-1-(phenylamino)pentan-2-yl)carbamate (**2m**) {#sec4.3.13}

The product was prepared according to the general procedure and obtained after recrystallization with ethanol/water as a white solid (246 mg, 73%). Mp: 157, 0--158, 0 °C. \[α\]~D~^20^ = −12° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3333, 3301, 2970, 2930, 2873, 1690, 1664, 1600, 1515, 1164 cm^--1^.

^1^H NMR (500 MHz, CDCl~3~) δ 8.22 (br, 1H), 7.53 (d, *J* = 7.70 Hz, 2H), 7.31 (t, *J* = 7.78 Hz, 2H), 7.11 (t, *J* = 7.35 Hz, 1H), 5.23 (d, *J* = 8.55 Hz, 1H), 4.09 (t, *J* = 7.80 Hz, 1H), 2.01 (br, 1H), 1.62 (br, 1H), 1.47 (s, 9H), 1.26--1.17 (m, 1H), 1.02 (d, *J* = 6.80 Hz, 3H), 0.95 (t, *J* = 7.40 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 170.4, 156.4, 137.7, 129.1, 124.5, 120.1, 80.5, 60.3, 37.0, 28.5, 24.9, 15.8, 11.4. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~17~H~26~N~2~O~3~Na^+^ 329.1836, found 329.1865.

### *tert*-Butyl ((2*S*,3*S*)-1-((4-Bromophenyl)amino)-3-methyl-1-oxopentan-2-yl)carbamate (**2n**) {#sec4.3.14}

The product was prepared according to the general procedure and obtained after recrystallization with ethanol/water as a white solid (285 mg, 76%). Mp: 149, 1--150, 3 °C. \[α\]~D~^20^ = −8° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3333, 3301, 2963, 2924, 2866, 1687, 1667, 1514, 1488, 1240, 1171 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 8.58 (br, 1H), 7.34 (br, 4H), 7.31 (t, *J* = 7.78 Hz, 2H), 5.24 (d, *J* = 7.30 Hz, 1H), 4.09 (t, *J* = 7.45 Hz, 1H), 1.93 (br, 1H), 1.71--1.59 (m, 1H), 1.44 (s, 9H), 1.25--1.16 (m, 1H), 0.99 (d, *J* = 6.75 Hz, 3H), 0.92 (t, *J* = 7.35 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 170.7, 156.6, 136.9, 132.2, 131.9, 121.5, 116.9, 116.8, 80.7, 60.3, 36.9, 28.5, 25.1, 15.8, 11.2. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~17~H~25~N~2~O~3~BrNa^+^ 407.0941, found 407.0947.

### *tert*-Butyl ((2*S*,3*S*)-1-((2-Methoxyphenyl)amino)-3-methyl-1-oxopentan-2-yl)carbamate (**2o**) {#sec4.3.15}

The product was prepared according to the general procedure and obtained after recrystallization with ethanol/water as a white solid (236 mg, 70%). Mp: 126, 0--127, 4 °C. \[α\]~D~^20^ = −18° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3302, 2966, 2929, 2879, 1700, 1662, 1523, 1460, 1250, 1167 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 8.33 (dd, *J* = 8.00 Hz, 1H), 8.26 (br, 1H), 7.03 (t, *J* = 7.80 Hz, 1H), 6.93 (t, *J* = 7.60 Hz, 1H), 6.85 (t, *J* = 8.00 Hz, 1H), 5.22 (d, *J* = 6.85 Hz, 1H), 4.15 (br, 1H), 3.84 (s, 3H), 1.98 (br, 1H), 1.57--1.54 (m, 1H), 1.44 (s, 9H), 1.25--1.15 (m, 1H), 0.98 (d, *J* = 6.80 Hz, 3H), 0.92 (t, *J* = 7.40 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 169.9, 155.9, 148.2, 127.3, 124.1, 121.1, 119.9, 110.1, 80.0, 60.2, 55.8, 37.6, 28.4, 24.9, 15.7, 11.6. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~18~H~28~N~2~O~4~Na^+^ 359.1941, found 359.1948.

### *tert*-Butyl ((2*S*,3*S*)-3-Methyl-1-((2-methylpyridin-3-yl)amino)-1-oxopentan-2-yl)carbamate (**2p**) {#sec4.3.16}

The product was prepared according to the general procedure and obtained after recrystallization with ethanol/water as a green oil (167 mg, 52%). \[α\]~D~^20^ = −14° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3268, 3010, 2971, 2929, 1678, 1524, 1173, 747 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 8.89 (br, 1H), 8.26 (d, *J* = 4.65 Hz, 1H), 7.53 (d, *J* = 6.70 Hz, 1H), 7.10--7.07 (m, 1H), 5.34--5.32 (m, 1H), 4.24 (br, 1H), 2.24 (s, 3H), 1.99--1.97 (m, 1H), 1.61--1.55 (m, 1H), 1.43 (s, 9H), 1.20--1.14 (m, 1H), 1.00 (d, *J* = 6.80 Hz, 3H), 0.90 (t, *J* = 7.40 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 170.9, 164.1, 156.2, 149.3, 145.9, 140.1, 121.9, 80.2, 59.8, 37.3, 28.5, 24.8, 18.4, 15.9, 11.6. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~17~H~28~N~3~O~3~^+^ 322.2125, found 322.2096.

### *tert*-Butyl ((2*S*,3*S*)-1-(Diethylamino)-3-methyl-1-oxopentan-2-yl)carbamate (**2q**) {#sec4.3.17}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (1031 mg, 72%). \[α\]~D~^20^ = −6° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3299, 2968, 2933, 2875, 1704, 1633, 1168 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.17 (d, *J* = 9.40 Hz, 1H), 4.33 (t, *J* = 8.25 Hz, 1H), 3.58--3.51 (m, 1H), 3.44--3.29 (m, 2H), 3.14--3.08 (m, 1H), 1.64--1.62 (m, 1H), 1.52--1.49 (m, 2H), 1.36 (s, 9H), 1.16 (t, *J* = 7.00 Hz, 1H), 1.06 (t, *J* = 7.00 Hz, 1H), 0.85--0.81 (m, 6H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.7, 155.7, 79.3, 54.3, 42.1, 40.3, 38.6, 28.4, 24.2, 15.7, 14.6, 12.9, 11.4. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~15~H~30~N~2~O~4~Na^+^ 309.2149, found 309.2155.

### *tert*-Butyl (*S*)-(1-(Diethylamino)-1-oxopropan-2-yl)carbamate (**2r**) {#sec4.3.18}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (164 mg, 61%). \[α\]~D~^20^ = +10° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3271, 2975, 2934, 1708, 1645, 1165 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.44 (d, *J* = 8.00 Hz, 1H), 4.92 (pent, *J* = 6.70 Hz, 1H), 3.44--3.37 (m, 1H), 3.32--3.25 (m, 2H), 3.24--3.16 (m, 1H), 1.35 (s, 9H), 1.22 (d, *J* = 6.80 Hz, 3H), 1.15 (t, *J* = 7.20 Hz, 3H), 1.04 (t, *J* = 7.10 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 172.0, 155.0, 79.3, 46.1, 41.7, 40.2, 28.3, 19.6, 14.5, 12.8. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~12~H~24~N~2~O~3~Na^+^ 267.1679, found 267.1686.

### *tert*-Butyl (1-(Diethylamino)-1-oxopropan-2-yl)carbamate (**2s**) {#sec4.3.19}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a white solid (331 mg, 67%). Mp: 62, 7--63, 3 °C. \[α\]~D~^20^ = 0° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3248, 2927, 2934, 1704, 1631, 1176 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.45 (d, *J* = 7.80 Hz, 1H), 4.49 (pent, *J* = 7.30 Hz, 1H), 3.44--3.37 (m, 1H), 3.31--3.23 (m, 2H), 3.22--3.15 (m, 1H), 1.34 (s, 9H), 1.21 (d, *J* = 6.80 Hz, 3H), 1.15 (t, *J* = 7.1 Hz, 3H), 1.03 (t, *J* = 7.10 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 172.1, 155.1, 79.4, 46.2, 41.8, 40.3, 28.4, 19.7, 14.6, 12.9. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~12~H~24~N~2~O~3~Na^+^ 267.1679, found 267.1684.

### *tert*-Butyl (*S*)-(1-(Diethylamino)-3-methyl-1-oxobutan-2-yl)carbamate (**2t**) {#sec4.3.20}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (322 mg, 79%). \[α\]~D~^20^ = +8° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3442, 3305, 2972, 2934, 2869, 1707, 1637, 1168 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.24 (d, *J* = 9.35 Hz, 1H), 4.34 (dd, *J* = 9.40 Hz, 6.65 Hz, 1H), 3.62--3.55 (m, 1H), 3.47--3.40 (m, 1H), 3.36--3.29 (m, 1H), 3.17--3.10 (m, 1H), 1.94--1.87 (m, 1H), 1.40 (s, 9H), 1.20 (t, *J* = 7.20 Hz, 3H), 1.09 (t, *J* = 7.15 Hz, 3H), 0.91 (d, *J* = 6.80 Hz, 3H), 0.89 (d, *J* = 6.80 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.6, 155.9, 79.4, 55.1, 42.1, 40.3, 32.2, 28.4, 19.7, 17.6, 14.7, 13.0. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~14~H~29~N~2~O~3~^+^ 273.2173, found 273.2199.

### *tert*-Butyl (*S*)-(1-(Diethylamino)-4-methyl-1-oxopentan-2-yl)carbamate (**2u**) {#sec4.3.21}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (326 mg, 76%). \[α\]~D~^20^ = −8° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3429, 3301, 2968, 2928, 2872, 1704, 1639, 1364, 1172 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.22--5.20 (m, 1H), 4.52--4.48 (m, 1H), 3.45--3.38 (m, 1H), 3.27 (q, *J* = 7.15 Hz, 1H), 3.16--3.09 (m, 1H), 1.67--1.59 (m, 1H), 1.46--1.41 (m, 1H), 1.32 (s, 9H), 1.26--1.19 (m, 1H), 1.15 (t, *J* = 7.15 Hz, 3H), 1.01 (t, *J* = 7.15 Hz, 3H), 0.88 (d, *J* = 6.55 Hz, 3H), 0.82 (d, *J* = 6.70 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 172.3, 155.6, 79.4, 48.6, 43.3, 41.8, 40.3, 28.3, 24.6, 23.5, 21.8, 14.5, 12.9. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~15~H~31~N~2~O~3~^+^ 287.2329, found 287.2355.

### *tert*-Butyl (*S*)-(1-(Diethylamino)-1-oxo-3-phenylpropan-2-yl)carbamate (**2v**) {#sec4.3.22}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (230 mg, 72%). \[α\]~D~^20^ = +18° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3432, 3295, 3038, 2975, 2930, 1711, 1629, 1460, 1169, 742 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 7.25--7.22 (m, 2H), 7.19--7.17 (m, 2H), 5.37 (d, *J* = 8.90 Hz, 1H), 4.74--4.69 (m, 1H), 3.53--3.46 (m, 1H), 3.09--2.90 (m, 5H), 1.39 (s, 9H), 1.01 (t, *J* = 7.10 Hz, 3H), 0.94 (d, *J* = 7.15 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.0, 155.2, 136.8, 129.7, 128.5, 126.9, 79.7, 51.5, 41.8, 40.6, 28.4, 14.3, 12.9. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~29~N~2~O~3~^+^ 321.2173, found 321.2147.

### *tert*-Butyl ((2*S*,3*S*)-3-Methyl-1-morpholino-1-oxopentan-2-yl)carbamate (**2w**) {#sec4.3.23}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (258 mg, 86%). \[α\]~D~^20^ = +24° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3308, 2963, 2925, 2860, 1701, 1637, 1438, 1164, 1114 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.30 (d, *J* = 9.25 Hz, 1H), 4.27 (dd, *J* = 9.20, 6.75 Hz, 1H), 3.73--3.64 (m, 6H), 3.58--3.51 (m, 2H), 1.70--1.65 (m, 1H), 1.55--1.49 (m, 1H), 1.42 (s, 9H), 1.14--1.08 (m, 1H), 0.92--0.87 (m, 6H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.1, 155.9, 79.6, 66.9, 54.1, 46.5, 42.5, 38.1, 28.4, 24.1, 15.9, 11.5. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~15~H~28~N~2~O~4~Na^+^ 323.1941, found 323.1948.

### *tert*-Butyl (*S*)-(1-Morpholino-1-oxopropan-2-yl)carbamate (**2x**) {#sec4.3.24}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (368 mg, 71%). \[α\]~D~^20^ = +14° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3422, 3315, 2971, 2920, 2863, 1708, 1641, 1170 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.56 (d, *J* = 9.00 Hz, 1H), 4.51 (pent, *J* = 7.17 Hz, 1H), 3.61--3.59 (m, 6H), 3.50--3.47 (m, 2H), 1.34 (s, 9H), 1.20 (d, *J* = 6.85 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.3, 155.1, 79.6, 66.8, 66.6, 52.0, 45.9, 42,4, 28.4, 19.2. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~12~H~22~N~2~O~4~Na^+^ 281.1472, found 281.1477.

### *tert*-Butyl (1-Morpholino-1-oxopropan-2-yl)carbamate (**2y**) {#sec4.3.25}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (188 mg, 65%). \[α\]~D~^20^ = 0° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3355, 2970, 2847, 1681, 1648, 1113 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.56 (d, *J* = 7.35 Hz, 1H), 4.57--4.53 (m, 1H), 3.65--3.64 (m, 6H), 3.55--3.52 (m, 2H), 1.39 (s, 9H), 1.27--1.25 (m, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.4, 155.2, 79.7, 66.8, 66.6, 52.1, 45.9, 42.5, 28.4, 19.3. HRMS (ESI-TOF) *m*/*z*: \[M + Na\]^+^ calcd for C~12~H~22~N~2~O~4~Na^+^ 281.1472, found 281.1478.

### *tert*-Butyl (*S*)-(3-Methyl-1-morpholino-1-oxopropan-2-yl)carbamate (**2z**) {#sec4.3.26}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (322 mg, 75%). \[α\]~D~^20^ = +28° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3432, 3312, 2975, 2926, 2858, 1707, 1637, 1171, 1120 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.33 (d, *J* = 9.15 Hz, 1H), 4.33 (dd, *J* = 9.20, 6.05 Hz, 1H), 3.64--3.43 (m, 8H), 1.88--1.81 (m, 1H), 1.35 (s, 9H), 0.87 (d, *J* = 6.75 Hz, 3H), 0.82 (d, *J* = 6.75 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 170.8, 155.9, 79.5, 66.9, 66.7, 54.6, 46.4, 42.4, 31.5, 28.3, 19.7, 17.3. HRMS (MALDI -TOF) *m*/*z*: \[M + H\]^+^ calcd for C~14~H~26~N~2~O~4~^+^ 287.1965, found 287.1992.

### *tert*-Butyl (*S*)-(4-Methyl-1-morpholino-1-oxopentan-2-yl)carbamate (**2aa**) {#sec4.3.27}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (342 mg, 73%). \[α\]~D~^20^ = +12° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3432, 3316, 2965, 2917, 2862, 1704, 1646, 1175, 1114 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.34 (d, *J* = 9.05 Hz, 1H), 4.56--4.51 (m, 1H), 3.61--3.57 (m, 6H), 3.46--3.38 (m, 2H), 2.42--2.41 (m, 1H), 1.66--1.58 (m, 1H), 1.34 (s, 10H), 0.88 (d, *J* = 6.55 Hz, 3H), 0.83 (d, *J* = 6.65 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.5, 155.6, 79.5, 66.8, 66.6, 51.9, 48.2, 45.9, 42.7, 28.4, 24.6, 21.9. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~15~H~29~N~2~O~4~^+^ 301.2122, found 301.2097.

### *tert*-Butyl (*S*)-(1-Morpholino-1-oxo-3-phenylpropan-2-yl)carbamate (**2ab**) {#sec4.3.28}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (381 mg, 76%). \[α\]~D~^20^ = +22° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3436, 3313, 3032, 2975, 2916, 2859, 1722, 1649, 1457, 1178 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 7.29--7.19 (m, 5H), 5.53 (d, *J* = 8.50 Hz, 1H), 4.81--4.47 (m, 1H), 3.59--3.53 (m, 2H), 3.49--3.39 (m, 2H), 2.95--2.85 (m, 4H), 1.41 (s, 9H). ^13^C NMR (125 MHz, CDCl~3~) δ 170.4, 155.2, 136.5, 129.6, 129.5, 128.8, 128.7, 127.2, 79.9, 66.5, 66.1, 50.9, 46.1, 42.3, 40.5, 28.4. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~27~N~2~O~4~^+^ 335.1965, found 335.1935.

### *tert*-Butyl ((2*S*,3*S*)-3-Methyl-1-oxo-1-(pyrrolidin-1-yl)pentan-2-yl)carbamate (**2ac**) {#sec4.3.29}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (391 mg, 73%). \[α\]~D~^20^ = +8° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3285, 2967, 2867, 1704, 1634, 1163 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.22 (d, *J* = 9.35 Hz, 1H), 4.21 (dd, *J* = 9.30, 7.45 Hz, 1H), 3.68--3.63 (m, 1H), 3.50--3.34 (m, 3H), 1.93--1.88 (m, 2H), 1.85--1.78 (m, 2H), 1.68--1.62 (m, 1H), 1.55--1.50 (m, 1H), 1.37 (s, 9H), 1.11--1.03 (m, 1H), 0.87 (d, *J* = 6.80 Hz, 3H), 0.83 (t, *J* = 7.45 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.0, 155.8, 79.4, 56.4, 46.8, 45.8, 38.0, 28.4, 26.1, 24.3, 15.6, 11.3. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~15~H~29~N~2~O~3~^+^ 285.2123, found 285.2146.

### *tert*-Butyl (*S*)-(1-Oxo-1-(pyrrolidin-1-yl)propan-2-yl)carbamate (**2ad**) {#sec4.3.30}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (310 mg, 64%). \[α\]~D~^20^ = −20° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3435, 3251, 2974, 2934, 2873, 1698, 1631, 1166 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.46 (d, *J* = 7.75 Hz, 1H), 4.40 (pent, *J* = 7.35 Hz, 1H), 3.60--3.56 (m, 1H), 3.49--3.45 (m, 1H), 3.41--3.35 (m, 2H), 1.96--1.91 (m, 2H), 1.86--1.80 (m, 2H), 1.39 (s, 9H), 1.26 (d, *J* = 6.85 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.4, 155.3, 79.6, 48.0, 46.5, 46.1, 28.5, 26.2, 24.3, 18.8. HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~12~H~23~N~2~O~3~^+^ 309.2149, found 309.2155.

### *tert*-Butyl (*S*)-(3-Methyl-1-oxo-1-(pyrrolidin-1-yl)butan-2-yl)carbamate (**2ae**) {#sec4.3.31}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (184 mg, 68%). \[α\]~D~^20^ = +6° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3346, 3326, 2969, 2931, 2872, 1714, 1635, 1175 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 5.38 (d, *J* = 9.25 Hz, 1H), 4.19 (dd, *J* = 9.0, 6.80 Hz, 1H), 3.67--3.63 (m, 1H), 3.49--3.35 (m, 3H), 1.93--1.88 (m, 4H), 1.85--1.78 (m, 1H), 1.37 (s, 9H), 0.90 (d, *J* = 6.75 Hz, 3H), 0.88 (d, *J* = 6.70 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 171.1, 156.0, 79.4, 57.3, 45.9, 31.5, 28.4, 26.1, 24.3, 19.6, 17.8. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~14~H~27~N~2~O~3~^+^ 271.2016, found 271.1990.

### *tert*-Butyl (*S*)-(1-Oxo-3-phenyl-1-(pyrrolidin-1-yl)propan-2-yl)carbamate (**2af**) {#sec4.3.32}

The product was prepared according to the general procedure and obtained after liquid--liquid extraction in dichloromethane/water as a yellow oil (270 mg, 85%). \[α\]~D~^20^ = +26° (*c* = 1.0, CH~2~Cl~2~). FT-IR (diamond) ν 3435, 3294, 2974, 2934, 2877, 1708, 1631, 1447, 1160 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 7.23--7.20 (m, 2H), 7.17--7.16 (m, 3H), 5.45 (d, *J* = 8.65 Hz, 1H), 4.56--4.52 (m, 1H), 3.40--3.23 (m, 4H), 2.94--2.88 (m, 2H), 1.73--1.65 (m, 2H), 1.61--1.55 (m, 1H), 1.50--1.47 (m, 1H), 1.37 (s, 9H). ^13^C NMR (125 MHz, CDCl~3~) δ 170.1, 155.2, 136.7, 129.5, 128.4, 126.9, 79.6, 53.7, 46.3, 45.7, 40.2, 28.4, 25.8, 24.1. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~27~N~2~O~3~^+^ 319.2016, found 319.1992.

### (3*S*)-3-Methyl-1-oxo-1-(pyrrolidin-1-yl)pentan-2-aminium 2,2,2-trifluoroacetate (**2ag**) {#sec4.3.33}

The product was prepared according to the general procedure for Boc deprotection and obtained after rotary evaporation as a yellow oil (256 mg, 86%). \[α\]~D~^20^ = +20° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3439, 2979, 2883, 1682, 1652, 1205, 1135 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 9.25 (br, 1H), 8.24 (br, 2H), 4.02 (d, *J* = 5.70 Hz, 1H), 3.63--3.59 (m, 1H), 3.49--3.44 (m, 1H), 3.40--3.33 (m, 2H), 3.26 (br, 1H), 1.97--1.82 (m, 5H), 1.62--1.57 (m, 1H), 1.24--1.18 (m, 1H), 1.01 (d, *J* = 6.90 Hz, 3H), 0.90 (t, *J* = 7.40 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 166.9, 161.2, 115.6 (q, *J* = 286.3 Hz, CF~3~), 56.8, 47.1, 46.6, 36.3, 25.7, 24.0, 23.8, 23.7, 14.7, 10.9. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~10~H~21~N~2~O^+^ 185.1648, found 185.1646.

### (2*S*,3*S*)-1-(Diethylamino)-3-methyl-1-oxopentan-2-aminium 2,2,2-trifluoroacetate (**2ah**) {#sec4.3.34}

The product was prepared according to the general procedure for Boc deprotection and obtained after rotary evaporation as an orange oil (756 mg, 84%). \[α\]~D~^20^ = +20° (*c* = 1.0, CH~2~Cl~2~). FT-IR (KBr) ν 3460, 2976, 2946, 2885, 1680, 1650, 1201, 1141, 752 cm^--1^. ^1^H NMR (500 MHz, CDCl~3~) δ 14.30 (br, 1H), 8.07 (s, 2H), 4.18 (s, 1H), 3.58--3.51 (m, 1H), 3.40--3.32 (m, 1H), 3.26--3.19 (m, 1H), 3.14--3.07 (m, 1H), 1.86--1.85 (m, 1H), 1.54--1.50 (m, 1H), 1.24--1.18 (m, 1H), 1.14 (t, *J* = 7.10 Hz, 3H), 1.04 (t, *J* = 6.95 Hz, 3H), 1.00 (d, *J* = 6.95 Hz, 3H), 0.86 (t, *J* = 7.25 Hz, 3H). ^13^C NMR (125 MHz, CDCl~3~) δ 167.8, 161.2, 115.9 (q, *J* = 287.5 Hz, CF~3~), 55.5, 42.5, 40.9, 36.9, 23.6, 15.1, 13.7, 12.4, 11.4. HRMS (MALDI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~10~H~23~N~2~O^+^ 187.1805, found 187.1825.
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